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Abstract

The Yacoraite Formation (Cretaceous-Paleogene) in the Salta Basin, Argentina, represents a well-exposed, mixed carbonate-siliciclastic
lacustrine system, offering an exceptional opportunity for multi-scale characterization of facies heterogeneity, diagenesis, and reservoir
compartmentalization. Spectacular outcrops in the Tres Cruces sub-basin provide kilometer-scale lateral continuity, allowing for a detailed
reconstruction of depositional environments, stratigraphic architecture, and post-depositional modifications. Outcrop-based studies reveal that
the Yacoraite Formation evolved through distinct lake stages, shifting from a relatively stable perennial system (Stage 1) to an ephemeral,
fluctuating lake (Stage 2). This transition controlled not only facies distribution but also diagenetic overprints, including dolomitization
patterns. Facies analysis identifies dominant depositional elements such as oolitic grainstones, stromatolitic boundstones, and microbialite-
dominated carbonate platforms in the perennial phase, which formed laterally extensive and well-connected reservoir units. In contrast, the
ephemeral lake stage exhibits heterogenous carbonate-clastic interactions, producing more complex stratigraphic architectures and
compartmentalized reservoirs. Diagenesis and dolomitization are closely tied to lake stage evolution, with early diagenetic dolomitization
preferentially affecting microbial carbonates and oolitic shoals in the perennial phase due to high frequency fluctuations in semi-restricted
lacustrine waters. Later diagenetic phases, driven by fluctuating hydrological conditions, further modified porosity and permeability. High-
resolution petrography, geochemistry, and petrophysical analyses indicate that dolomitization was most pervasive in in the perennial phase
sequences, suggesting a strong climate- and hydrology-driven control over mineralization processes. Petrophysical data further reveal how
porosity and permeability evolved in response to facies transitions and diagenetic overprints. Perennial lake facies, dominated by well-
connected microbialites and oolitic grainstones, exhibit high initial porosity, which was partially occluded by early cementation but locally
enhanced by dissolution and selective dolomitization. In contrast, ephemeral lake facies, characterized by mixed siliciclastic-carbonate
deposits, show greater heterogeneity in petrophysical properties, with reduced connectivity due to early compaction and episodic cementation.
Integrating petrophysical data with stratigraphic and diagenetic models allows us to better predict reservoir quality and distribution in ancient
lacustrine carbonate systems. This study underscores the importance of outcrop analogs for understanding reservoir heterogeneity in lacustrine
carbonates, particularly in the context of the South Atlantic pre-salt systems. The high-resolution, multi-scale dataset from the Yacoraite
Formation provides a unique framework to assess lateral facies variability, stratigraphic continuity, and diagenetic controls on reservoir quality.
Given the increasing interest in lacustrine carbonates as hydrocarbon reservoirs, these findings have direct implications for reservoir prediction
and modeling in similar rift-basin settings.



